The wide spectrum use of mobile devices has brought numerous opportunities to develop and design Mobile Learning (M-learning) applications that will assist learners in their studies. From the Mlearning perspective, in order to improve the learners' capabilities through the use of mobile devices, Knowledge Management (KM) processes (Knowledge Acquisition, Knowledge Sharing, Knowledge Application, and Knowledge Protection) should be incorporated in M-learning applications. The literature shows that several research studies were carried out with the aim of developing M-learning applications. Due to the lack of literature on examining the impact of KM processes on M-learning acceptance theoretically and practically, the main objective of this study is to develop a M-learning application that enables KM processes (Acquisition, Sharing, Application, and Protection). Moreover, the paper describes the M-learning application framework that was developed based on KM processes. In addition, the paper deliberates the implementation of the application in two different universities in two different regions, namely: Universiti Malaysia Pahang (UMP) in Malaysia, and Al Buraimi University College (BUC) in Oman. Other implications and discussions are also presented in the paper.
INTRODUCTION
The proliferation of M-learning in the higher educational settings has brought several opportunities to both learners and educators [1] . According to [2] and [3] , it is pointed out that due to the extensive coverage of M-learning features, it becomes an essential part of the institutions of higher education. M-learning has been integrated into the systems of several universities worldwide, as it facilitates the learning process without any restrictions to time and location. M-learning assists learners in making their conversations, joining social media, finding responses to their queries, enabling team collaboration, facilitating knowledge sharing, and thus, raising their learning outcomes. Several research studies were interested in developing M-learning applications in various contexts for different purposes [4] , [5] , [6] , and [7] . This interest was boosted due to the availability of mobile devices, their low costs, learners' motivation, and mobile infrastructure accessibility [8] .
In terms of M-learning, in order to reinforce the learners' capabilities through the use of mobile devices, Knowledge Management (KM) processes (Knowledge Acquisition, Knowledge Sharing, and Knowledge Application) should be incorporated in M-learning applications [9] . In terms of KM, Mlearning is one of the KM initiatives that supports a reliable learning environment, in which knowledge has been easily gained and shared among users [10], [11] . A study by [12] defined Knowledge Acquisition as the process that utilizes the current knowledge and captures new knowledge. In addition, studies by [12] and [13] defined Knowledge Sharing as the process that disseminates knowledge among all individuals taking part in the activities of a particular process. Besides, a study by [12] defined Knowledge Application as the process that enables the institution to access the knowledge smoothly via its efficient storage and retrieval techniques. Furthermore, a study by [14] has discussed another KM process called "Knowledge Protection", which refers to the process of preventing the inappropriate or illegal usage of knowledge.
According to the literature, various research studies were carried out with the aim of developing M-learning applications. However, these studies neglected to examine the impact of KM processes on M-learning acceptance from the theoretical and practical sides. The main aim of this study is to develop a M-learning application that enables KM processes (Acquisition, Sharing, Application, and Protection).
LITERATURE REVIEW
A critical literature review is an important step before conducting any research study. It establishes the foundation for knowledge accumulation, which in turn eases the developments and enhancements of new applications, closes gaps existing in research, and uncovers areas where previous research has missed [15] . In this study, the research articles that involves M-learning applications were collected from various databases (IEEE, ScienceDirect, Springer, Wiley, and Google Scholar). The search terms include the keywords ("M-learning application development", and "Mobile learning application development").
The articles that we have studied and analyzed in this study should satisfy the provided criteria: involve M-learning application, employs the M-learning application in learning, and to be written in English. In that, the total number of the research articles that met the aforementioned criteria and so included in the analysis is 20. Table 1 describes the related mobile application studies that were developed with the aim of supporting the educational process. We can observe that many studies focused on developing mobile applications in the language learning context aiming to enhance the language learning skills of students [16] , [17] , [18] , [7] , and [19] . Other studies were concentrated on developing mobile applications for computer science courses [20] , [6] , [4] , and [5] . The rest of the studies were mainly focused on developing mobile applications that support students in their daily activities such as news, messages, and reminders. In addition, we can notice that the majority of these studies have used the Android operating system in developing M-learning applications.
From the M-learning perspective, in order to enhance the learners' abilities through the use of mobile devices, KM processes (Acquisition, Sharing, and Application) should be incorporated in M-learning applications. Such incorporation will enable the learners to acquire the knowledge that is transferred through mobile devices, share the acquired knowledge with others, and apply the acquired and shared knowledge in their learning processes for the reason of leveraging the learning effectiveness [9] . A study by [21] claimed that KM is an essential component for developing M-learning systems that transforms the mobilebased learning into knowledge-based learning which in turn leverages the learning effectiveness. From the KM perspective, M-learning is one of the KM initiatives that supports a reliable learning environment, in which knowledge has been easily gained and shared among users [10], [11] .
Based on the above, many mobile applications were designed and developed in different contexts with the aim of supporting the learning and teaching process. Practically speaking, knowledge is the essential element of this process and it already exists in the form of lecture materials, power point slides, assignments, and other learning contents. Many Information Systems (ISs) have successfully implemented and integrated KM processes into practice such as cloud computing [22] , Google applications [23] , blogs [24] , Wikis [25] , and E-business systems [12] . However, we have observed that existing research has ignored studying the impact of KM processes on M-learning acceptance from the theoretical and practical sides. The present study is specifically dedicated to address this issue from the practical side through the development of M-learning application that aims to incorporate KM processes (Knowledge Acquisition, Knowledge Sharing, Knowledge Application, and Knowledge Protection) into practice using mobile and tablet devices. Design and development of M-learning application for computer science students in the higher educational settings of Nigeria aiming to support social, collaborative, and ubiquitous concerns of learning to undergraduate students.
Android
[5] Development of a M-learning application for computer science students in the higher educational settings of Nigeria aiming to support social, collaborative, and ubiquitous concerns of learning to the students.
Android [6]
Development of a mobile application that facilitates the teaching-learning process of Computer Architecture course through the use of flashcards, notes, and quizzes.
The study developed a M-learning application for system analysis and design course students aiming to facilitate the learning process.
The study illustrates the design and development of a M-learning application that allows the students the access the micro-lectures contents and videos using their mobile devices. Development of mobile application that enables the students to send messages and votes to a particular set of multiple-choice questions, which in turn, facilitates the process of in-class assessment.
IOS + Android
[36] Development of SMS based mobile application that aims to facilitate the communication between the undergraduate distance students (using their mobile devices) and their instructors (using a website).
Android

M-LEARNING APPLICATION FRAMEWORK
Different research articles have categorized KM into different processes. According to [37] , it is claimed that KM involved eight main steps, namely: "identify, acquire, select, store, share, apply, create, and sell". In addition, [38] and [39] argued that KM processes include Knowledge Acquisition/Creation, Knowledge Sharing/Dissemination, and Knowledge Utilization. Tiwana [38] specified that KM processes are working in a continuous cycle, in which it enables the IS users to achieve their goals, adds a new knowledge, shares and applies that knowledge accordingly. Furthermore, Lin [14] has discussed another KM process that is called "Knowledge Protection". In the present study, we have adopted the KM processes that were discussed by [38] and the knowledge protection process that was triggered by [14] with further adjusments and integrate them altogethor into one framework in order to filful the aim of this study. The proposed framework is considered the first that attempted to add knowledge protection into the cycle of other KM processes. Figure 1 depicts the M-learning application framework that was developed based on KM processes. Through the process of knowledge acquisition, the instructor can upload the course material into the mobile application using their mobile devices and the students can acquire the embedded knowledge of that course using their mobile devices as well. In addition, students can also upload further additional materials that support their learning during the course into the application and other students can acquire the embedded knowledge of that material as well.
Through the process of knowledge sharing, the mobile application enables the students to share the acquired course material with their classmates and instructors using their mobile devices. Besides, the application allows the students to collaborate and send messages to their instructors and classmates and discuss further issues regarding the course. During the process of knowledge application, the students can access and apply the acquired and shared knowledge into their learning process and possible problem-solving issues. The entire cycle of acquiring, sharing, and applying the course material is protected under the umbrella of knowledge protection process. Furthermore, the Mlearning application has been integrated with Firebase platform for storing all the courses, course materials, course profiles, assignments, and messages. 
M-LEARNING APPLICATION DEVELOPMENT AND IMPLEMENTATION
Use Case Diagram
The use case diagram represents the relationship between the actors and the use cases. Figure 2 shows the use case diagram for the developed M-learning application. The actors (student, instructor, and administrator) are clearly described along with their interactions with the application processes. 
Development
According to the literature, we have observed that around 60% of M-learning applications have used Android as an operating system for developing mobile applications. Based on that, Android has been selected as an operating system for developing the M-learning application in this study. Besides, the M-learning application has been developed using JAVA programing language along with Android SDK and some other libraries that assist in designing the application. The main purpose of using JAVA is the fact that JAVA is the most compatible language with Android. Additionally, the M-learning application has been integrated with Firebase platform (i.e. a platform from Google that facilitates the development of mobile applications and enables data storage) for storing all the courses, course materials, discussions, and messages.
On startup, the application will ask a user (student or instructor) either to "sign in" if he/she has already an account, or to "sign up" if he/she does not. During the process of "sign up", a user will be asked to enter his/her name, email, password (with at least 8 characters), and university (UMP or BUC). In addition, the application admin has full authority over the application, in which he/she can add new universities, new classes for each university, and assign passwords to them. The classes' passwords will be given to each instructor who will be the responsible for inviting students into classes by providing them with the class password in order to secure the courses and assure that students from other classes will not be allowed to access his/her class.
After the "login in" stage, students can access the mobile application and they will able to access all the registered courses (as per Figure 3 ) after entering the course password that they already got from their instructor in their concerned university. By accessing the desired course, students will be able to browse all the messages, discussions, and lecture materials that were sent by the course instructor and other students. Subsequently, students will be able to post any comments, lecture materials, and messages to their instructor and colleagues (As per Figure 4 ). In terms of storing the course materials, students have two options to save the material. The application allows the students to save their course materials into the application itself through Firebase or directly to their mobile devices. Furthermore, the application was designed to be user-friendly so that the students and instructors will not require any additional assistance while using the application. 
Implementation
Upon the development of the M-learning application, it has been tested on different mobile phones that support Android. The testing process was repeated several times until we assured that all the KM processes were successfully integrated into the application and performed well in usage. At the beginning of the first semester of the academic year 2017-2018, the M-learning application has been implemented in two different universities in two different regions, namely: Universiti Malaysia Pahang (UMP) in Malaysia, and Al Buraimi University College (BUC) in Oman.
In the present study, we have targeted the IT undergraduate students in both universities as the users of the application. The M-learning application has been used in different courses in both universities. In each course, we have demonstrated the aim and objectives of the study to the students in order to get a clear picture about the application. Accordingly, the students have started to install the application on their mobile devices and start experiencing the features of the application.
DISCUSSION
Previous research articles have developed several M-learning applications that assist the learners in collaborating and communicating with each other, and access the learning materials [29] , [33] , and [36] . However, none of these studies has discussed the KM processes integration into the development of these applications. Just to bear in mind that all the lecture materials, presentations, assignments, and discussions are the substantial knowledge and this knowledge is the essential element in these applications. In the present study, we have put the KM processes (acquisition, sharing, application, and protection) into practice through integrating them into the development of M-learning application. By following the KM processes concepts, we will illustrate how each process will work under the M-learning application.
In terms of knowledge acquisition, students can acquire the knowledge (i.e. course materials, power point slides, assignments, and discussions) through the M-learning application upon uploading that knowledge by the instructor or other class colleagues. Additionally, through this process, the instructor or classmates can post a question or a problem that may require further investigation. Regarding knowledge sharing, students will be able to share the acquired knowledge with their class colleagues, collaborate and communicate to each other through sending short messages, sharing further ideas about the course, and respond to the comments or questions that were posted by the instructor or other classmates. In terms of knowledge application, students will be able to access the acquired and shared knowledge either through the M-learning application itself or through their mobile devices directly in anytime anywhere settings. Consequently, students will apply that knowledge in their studies and in problem-solving activities. With regard to knowledge protection, the entire processes of acquiring, sharing, and applying knowledge will be protected. In that, each course is protected with a password in which it prohibits students from other courses to acquire, share, and apply the knowledge in that concerned course.
CONCLUSION
The rapid development of information and communication technologies has emerged into a new communication trend that keeps individuals connected in anytime anywhere settings [40] . Recently, M-learning applications as one of these technologies have changed the landscape of the educational process by enabling the students to learn, collaborate, and share knowledge among each other at any time and any location [2], [3], [41] , [42] , and [43] .
Various research articles have contributed to the development of different M-learning applications in different contexts. It has been observed that some of these studies were focused on developing M-learning applications that facilitate the communication among the students and their instructors, and enable the access to the course materials. However, none of these studies has focused on investigating the impact of KM processes (acquisition, sharing, application, and protection) on M-learning acceptance from the theoretical and practical sides.
The main objective of this study is to develop a M-learning application that enables KM processes. The M-learning application was developed based on Android. The M-learning application has been applied in two different universities in two different regions, namely: UMP in Malaysia, and BUC in Oman. The M-learning application facilitates knowledge acquisition, in which, it allows the students to acquire their course materials, presentations, assignments, and discussions upon uploading them by the instructor or other class colleagues into the application. Additionally, the M-learning application enables knowledge sharing, in that, the application makes it easy for the students to share the acquired course materials with their class colleagues, and to communicate with each other through sending short messages. Moreover, the M-learning application allows knowledge application, where, it enables the students to access the acquired and shared course materials and to apply them in their studies and in problem-solving activities. Furthermore, the Mlearning application facilitates knowledge protection, wherein, the entire processes of acquiring, sharing, and applying knowledge will be protected.
Overall, the present study has mainly focused on integrating the KM processes into the development of M-learning application from the practical side. As a future work, we are currently working on investigating the impact of KM processes on Mlearning acceptance from the theoretical side. 
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